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<A- 



Franck- Hertz Experiment 



;aS3h GH® rj^a 



.^jJU 6 jLi'))l 4$ Lb 3 L^o I 3 <i$lhJI "p+oSj" ^ \ 9 1 gl l 



. 1 _ s a 5 j Ojl j> oI j*°3 -x^> jJ_ 9 -jo -dlj \jB I 1 6 j g^>\l I 



-X JlgiOLI 



— <jj iw 25 

L^52jO JcLftJu oljjJI OjLj \ Oj-^ I J^b* <iC_^JuULoJ I oLi_9-M^V^ J—^ o^* 

^.O JjJaj _jaS*I 1 <i9lb Caj IS* 1 3 ] .£ OjIj^I d^Lb jljLfijO lgji9 lb ^jj O olj_9_A^V^ OjJB jJzAj JULi^ 

\JlsljZ) viUju JiiLftjj) (Jajj 3 go 03>^JVI l-X® J^bju ul ^Jloui>l vJLo) oJ- 9 Ojb'^ll i9lb uLttj^) 

O c .» 33 , c 

aaaj£ 6ji (n) go JcLfti. ol o^v ex ^ <^Lb ^jJI u3>^JVI ob JSIjuuu^ .2e ^sl <6jL)ll <blb 

.Ia^_g)_ 9 ( f") e) ^jo ^JjJLqj _^aS*I <xj3 Lb OjLS* I3| (n £) 3ji9lb 



go A a52.azxoJ I Jj^ 9 jl^-JI I (I _jb ^ ^lc) oLj_9-A^V^ 1*^*9 1 3 { 

. J LuJ I y^B ^5 jSLxO^ ^jobc jOul9 ^Ic ^Jji OOj Lub (V) 3 ( I ) 0+^ <^9 M-SzJ I Lu L LLuOj) ( V ) gjjjuiuJ I 

— 2- O c 

<uxaJI cuic £*j ^JS jj I (V) A£>JI _9 (n) cuxaJI pSj ^ o5MjjJI i_AiSj CiI C^v3 




jjJjJd~dlj I ^.lojllo^j jOUUUJ . 1 — 1 JSLuJI 



:ol^Ja>JI 

ilS jiJI Ojl J> tC>jJ u oljfJjlSJVI d5j> <Jjuj I jO : J 3 VI c jz Jl 

■J j _>f^“ v -l j l_>9 ^_jlc -1 

6jl>> <b>.p u3-> (1-1) jSlakll y_f9 tijuuoJI ojIjJI Jazd _2 

?bloJ , 10 8 ,_jjuLiLoJI JdC >ulo\H 0 j 2) .3 
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<A- 



X£> ^i> IV JS" A£>JI £/> (I) jLill P+9 J$x> ^9 j^uu$ U<vjX, -^=JI y£- -4 

.35 V ojl-Xfljo 

. ( _yj^jijoJ I iiLgj ^9 jLJI (I) _j LuiJ l_9 (V) ^>_jjuujJI i^jjj i9^LsiJI f A_uj j I 

?jUI Lo -3 

9jLuJI I As) ^jOuuoj 1 3 Lo .b 

180 °C 6jl _pJI <*s>jj J$> olJ3>SJVI oS j> <Xjjj\j} i^liJI c_pJI 



( _ J Ic <6jl_pdl ,/xkuo gj2> .J^jLuJI cpJI ^ l oS oUd oJ^jzj^aJI ojIjJI _•] 

I J1 o • — 

.4j_ptjJI cl^l yl> 4S«05 J_yj| jflJoLaJI AlSji |jl ^Jtjjj il .180 °C <X>j} ^jlc ijl^>JI 

.JSUO JulC gjjjuuJI X(f> gjZ) _2 

9bLoJ <10 11 ^jjjLiLoJI JuLCjiuo\l| gjZ5 .3 
.0.5 V JS* A£xll g^O (I) jluJI ,0x9 J^A^ Ja-OuJ^ C^jA) A^xll -4 

<Sf) lo 1 1 Igxte cJLn> ^_^jJ I o LJ^xs.joJ I (V) _9 (I) I dsy.s2.JI Lu Lu ^JjuO -5 

.CLQjLuJI 

3A>J) ^^jlc 15 )AjLC A^^J I jOul 9 3A> *J$I t> _^LuJI jOuuJ^JI jOuOlqJ I ^9|^jO g^^kjuuul .0 

.L5)AjAXi ^ cuSjjj «js jJ I U^JI 

< Least Squares <xhj^io ^lA^juuuLf) tl^olsji^ jOuojJI ^9[<^o <jj u cuki> ds^c ,ouujjI .7 

.Aa _9 Ac dS3l_^oJ I Uo>J I jOaS g^> a ouLJI^ £ o^byi dsLL> i^juull>I 

. LuJ l_9 dj_ < ^^jJ I _0 



:alLuji 

9jjjJLS> - dLil j9 v-^yl 6}£>£J*}\ dSojuJI ,JjO ijDjSz]\ $£L> Lo 
9^LJI JXjjJjW jLuJI <^9 ySjSLj^^ ^^jOlLlC jOoS ^jlC bloJ ^Jju^LAjJ L _jjiu9 „2 

9dj_pdl o LJ^ ls 2 j 0 u cus\Lc Lo_ 9 9a ojUI 1 3 Lo 91 dsM^JI pj l slS _^juo9 -3 

.obj^yi cUj_^ 0 gj^juuuJI A^<» ,^Jj0lS2j l SU$ jjuul9 _4 

.dLb^xjoS 9^jj_jJI 6jjJ aJb> I jJ I oL^juuuloJU IgJc ojUyi ds Wo -3 

c_j^J I LJ I c_j^J I l_9 j LuJ I O I & I _>9 Lft^kj I jjjj.su ^ I cLLl^jOj J5) _0 

9jyyi 



2 



77 



Y%&QPUq|f 



2 iffid 



Black Body Radiation 



\ / __ M VA V — 

Yl^&Q^KUqif 



3_QjjJ I | AjuUJ>J I £ LsjuJ I c\juJ I j 3 - ! l_9 X gj I 

ij LoJjJ^j — ij Lo-ujuJ Oj Li 3 bo. ^5 £ VSj \ji I o^jjj I 03 -* L9 (_jjO I - 

.^Laj^yi jAaa^j oLi'l - 

4aJL> i Ju^JU C Lo CLJoZbO i -Xg3> jJ_9jO i OjiS^O <L>jl9 0 1 3 c\j ij __^9 ■ o J— ^ I 

.jiLo^jLbJb?^ (Thermopile) aJjl 

. x igAj 



ob oLj_ 9 ^ 9 ^ ,_J£juu ^juju <ul9 T(K) 6jlj^> <is>jX ( _ r Jj 3 ^juuI ajjj.> bj 

3>uu^l ,ouuu>JU (Spectral Radiancy) cucU^I oj^l ^ R v *1-2 JS^iJI La5" 3 !^ 

.^jjSZjO XXjj] 

1 is&dL 3 ^uu\ll ,ouua>JU R (Radiancy) allSJI cue 1*^1 ojaaJI <Sj*j 



R = | R v dv 



( 1 ) 



5k1D 



-17 



<N 



| MV" 

CO 

5 . 3^10 17 

c 2x10' 17 

cC 

^ ixio' 1T 



>1 / 



T=1600K 
---- T=1500K 
T=1200K 



2x1 0 1d 4 k1Q 14 

v(Hz) 

R v vs. v :l-2 JibiJI 



6 x 10 



u 



oj .. ,, JI 2 -» -» 

<UClsLulM Oj-XfiJI ^jju C^9^lc -WStt /m OJi^C^j R. v!jul> 

i(<X52j|_^JI 0_9 _qJ I djj I j»> cL>j 3_9 jOuuUL^JU 



R = aT 



( 2 ) 
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. Lo - o LoaLuj 0j Li — cj vIaa^* 

jOuuul^J I JlouJ r i — 4 m m 15 )^J£l9 lJluCu OjsSLxO O 1 3 0_9>5 <Xjj^!j] I o Jl5) P A^juujj l_9^juj 

i9lbJI bLaJ3) r = 12 mm [djos dum (Thermopile) <Cjl_p> ^a^juuuuuuj^ .3^311 

. ( 2 ” 2 ^J^julJ I ) C\^jl jjJ I ^jJO cUlSojuoJ I cue [sLuJ 31 1 
JijLoJ I Lo^ ( D ) I I <uJj>J I <X>J3 (JuS ( I cc^jlaJ I ) 3_9_juu 31 1 jOuua^J I <L9 LuuloJ I uu [S' 1 3 1 

:i93lsdL (Watt oa>^j) dxC 1^311 oj-xijJI oi^ 3-2 



p = 



^1 ^2 
271 D 2 



oT = aoT 



m 



(3) 



. i" _» 

P vy I juul> I I l_9 0_>®-l I gJaAjO Luulo S 2 _9 ^ 1 vl 

. djJ U J I O Lo^IsZjoJ I ^jlC 1 3 LouiC I <Lj l_^^J I <ui^-i L I _yj l 0_9-» LftlsiJ I V-9 I 





(j l^z^J I LiiJe* o L o^IszjoJ I I -xS'LdJ ) Dire ct L&joJJ 15.5 m m / jjA _yxo^j LoJLs^J I <uuuu Luuc> 



.14 Q jjuuo^j LalaJ I cLoj)liLo 



.(3 OjLJI <Uax9 <^Luul>J oLo^I&joJI OJLQ) ^ JC^juuu I 
ai3bJ I dj US' <xj l9 P 6j AiiJ djj I <ul>J I io liijJ I U I L&lsd I i_9 I JjuoJ d Ou IS* 1 3 1 

. ( <xjj>J I o LJ^52 j0 p I jckjuuu L viJJ 3_9 ) v_jJ LJ I I ^Ic 3 



, OC _m 

d = -aT m (4) 

"* ° • 

91 Agio JS oIa> 3 ^^5) Lo -p3 a ^juu LJI jc> 3 ol^l^JI ojl 5) cu£l 

:ol^U>JI 

s:-® ..tf • e — 

a>JiaJ I ^j£> I 3^Ji9 LujloJ I (3 - 2) I La5* I ^-ajj 

.cbjl _pdl cubkJI 0JXi93 6 jASi/xJI 
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<JSjJI ^LsjuJ^H 4ju0l S* jS\ jl^oV jOjMJI 6 _ja52juoJI I j\oS JuJC^jJ O LjlIjuCxJ I <Xj IjuJj ^ JC^juuJ I „2 

.(3-2) JijiJI jitu\- dlbJI ikbuji \$j yj^jxj 

V I <U^LO OJJ 19 Lo . ^JjOl52j L^j I ^jjO jS <XjO JC^juuULoJ I C LoJ I <AJ^jZXO ^SjuU - 3 

u9l l _9 6jl_pdl i>j3 ^IajjI s^9Ij3 cJ$9 220 a£> jJ.90 ^ a£<JI o gj^> .4 



. jjuuO^j loisJ I jjuU ^ jO 

340 ) 3 (100 °C) q+j. d jix0£>\JAszi\ jjuj^o u9l_pol3 (T) 6jl_pdl i>j3 

.(13 — o IcIjiUI £c)a<u>) cu>_p JS” oc J9 x> (°C 



[9T < 100 °C ojlpdl ob>jj JIao>| yo oAjlflJI L>] -6 

6jl_pdl <u>j.> t _ / 2>l_a:^sJ I d 3 T J>juu 3 5 oajLuJI o^ki>JI j_£ ,<L9lkdl aJ^b ^aki; -V>JJ -7 
^1 jc^juju L Lb) jujoJI JJbJI Lo . <b>_p J* 100 °C 340 °C ^ 

9<LL^oJI 

■<_pLu i^juuj <LSj 3 ( _ r ic In In T <L9 ^LsjJI LuLu Jio3 <jjJbdl ,__y9 oIcI^bJI J^juu^jlo jc> -8 

JL CS -O 

(wajuul^ I Least Squares objJ^ ^IjcLuujL^ objLbJI <L9\Ls2.JI Jjuoj cslJI p^su^. juuoJ ,Lc%JI 

.(Act) 3 (Am) IkdJI ^ go (0)3 (m) 



:aiLuji 

9 3^juU I LouujC? OjJ p jA i I I O L O^^bJ I j Lc I 1 6 LoJ . 1 

9bLoJ3 JUjjJI oJL> ^ ,oi t^ijuaJI oJl> ^ oIcIjbJI .2 
91-2 JSLuJI ^jlc olsl >x.^l o_xb) vjl dLSLoy. Ji^ 9 ^juuo^IbI^JI oc Js JLoj 1 3 Lo .3 

9ojjJ>JI OAfl) J^L> ^j.O £ liUul>ll jOuuoij oLy| jOk) i_SXjlT vjl dliSLoj Jb) .4 



.^JUJ^II Oju/jLzijuO^II Oj-XaJI^ CUCLsjulJI OjJloJI vjjl9 

SLsj 9 <Lyb OjjIj^JI cxJbdl 4 juuuLuo^> Jb) MJuo) .6j_^sjJI ojlq) 1 _j 3 clkj^>^ll «_/LjuuI (j/C (l*^ol 

. ( . . . 9 JobjJLoJ I £U>_9bJ I J^J^ o b IxxgB 



.5 

.6 



5 
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Millikan Oil - Drop Experiment 






. 4jl^OjuJ I ( Oju£x5o O Lu J I I 0_jlo9 jO I jckjuuj L G V I LuU> . Iw9 Jl gj I 



00 c || 

t , _ M..* ciLuU lOcl juol ^LuZXO i [^.juO (^jul>jl0j^3 1 _B.a£jO i . 0 _j— g^>iH 

. CjjS^j <icLu3 ^Llo.jo ii9lk) _xJ_qjo i c*jj 

: vS^ ■X AgA ; 



uuj 6j\rx9 ( M i 1 1 i ka n 1868~1953) o b-Jb° p 19 i 1 ajl^ouj ^jjj boJ v_J_ 9 1 

c . C.RO O..C 

vyLumP* ^JLJL_9 0_jl^ V— jS Q_>io Q J I O^u^l OjuXi ^joLuuS'l&juO _^ju L CaX»‘ viJ_^^ju LgS’ >3 

. I cU^OuU 

O L^9 vdJ Ll5) (t) ) 4ji^9_>J_9 ( (T ) 4X9 bS* J^2 juj_9 ^lqjuuu ( p ) 1^x9 bS^9 ( a ) liD^b9 l sl*£Xj 0j5 o I 
6^9 3I) Fs <u>9jiJI 6399 (i^pdl obol ^_^ 9 ) JiLuiMl Jl w' vSj^LkJI l^jj_9 ! 6 j 5 JI oa 5 ) ^lc oLh^’ 

^_jJ| (4 ^_ < >j ulL JI L»3_^-b v_«ajuu Llju v __jjJ[9 4^_>^- U 4 jullS" Is2joJ I ^pjl5"_9.jjuj 

4 



w' = — 7ta 3 (p-c)g 



( 1 ) 



F s = 6 71 ti a v (2) 

O b^aJ I buuuu ^ I -}_>» F s o I «^jp aS2j I jl5>3 £ 4j I aJ I ,^9 Lumu I o 19 bJ I 09 * ^ i»>juul> 

<xjx> icjjuu juLc Ia5) C/Ax »3 .(ljib^> = 6j5JI <b^jbJI ^s^-qJI iLzrxo ^si) Fs 3 W 1 

■ u i > 5 ! Vc iCjjuJL La)AiC jjujoj Oj^JI ol 5 CK 9 +* CiS-iLi? - v c ( 1 _ r Alac) 



w' = — 7ta 3 (p-o)g = 6 7t T| a v c 
3 



(3) 



E l^gS* J l^-oou [gjilc _^ju LJ I gj> j^jjuj LovjT c*Ioq *** [9 Q ^vjl^juuu I o .xiD CajL^%juj 1 3 1 t kSj^ I Li ^jjo 

e UJ B UJ B UJ C UJ 

6_9-oJI ^.S^btLu LoJulC ^_jJ| <bu b <Xj JS> <XO^jjjJj u v*_ 9_9 julJ 4 ju j> L>J I oL^j^ ^jjllS^LsLO 

o a^ Fs o I -b> ^ 6^93 v5j^> Lkd I L^» j_9 ^9 j °^ j ° L^Jb 6 I Q E cLu I 

iojJLJI aJAls^oJI LoJuC ^1 (iCjjuJI obol £tUbdl 

qE = w* + 67iriav E (4) 

uLojMJI ubojJI IjOl£^ t.2 _9 ti ol 3 ^ (^Vj 0AC9 E I <XC_9-b-QjoJ I 49 LuuloJ I ^JOjSU 

.^j|9 i, T juu_ < ^jJI E 3_9 -<* b 9^_9 E v_ybc JulC d c^LuuloJI gbaJ 

d d 



Ve = r - v c = t 
l 2 l 1 



(5) 



■ vS I E JuJ^J p JC^juuU I ( V ) Lol^juu Jl§<J I L Lq^juu JlS 2. J I ^9^° O-JU^A^ I LftJi^jO I Lz3j I ^J&jSL jJ 



V = E .L 



( 6 ) 



c 



3f?WrPft2Ka-3l^rma 
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a = 1 Kg.m 
L = 7.6 mm 



-3 



q = 



K 

v 



ti +t t 



K = 



1 2 1 1 

9 7i \ 2 rj 3 2 d 3 2 L 

V(p-°)a 

-3 



63 5 ,4 ,3 .2 ,1 ,>0 

(7) 

vdu L K ou> 

( 8 ) 

:ojJLJI oLkxsjoJI 



g = 9.806 m.s 



-2 



, p = 886 Kg.m" 

, r| = 1.81x 10-5 N.m' 2 s 

Si 

■ Cb'JC>99 (K) Quill I CL0 ul 9 ua^l 

dU jJ jOjMJI I ^ d <Xjj b (XS LuUUO IoJIjjJj dj^^OuA/5 Cuj <_9_9 juJ I OJli^ ,^9 

^jjULQj ^ jOjMJI (t2) jJ^OjJI 1 _JJUUlQj_ 9 0 bdM ^JUlS"LsL0 J L>jOj IgjJiC jj£xjjJ pJ 

. V I ^-d^juij i^juuUL^J C_9_9 juU ^jjuU LouO_ 9 Cl <X9 LuULoJ I 



:o \$la>}\ 

.(d) 3£i£j£dl ^9 ac^loQ/vll ^LuuloJI (A 

. o Luj LlaJ I J \q\d ^Ic LgjJLc J os \>$ . uujJ I o 3 a9 I^jjoJ cuau Llo liD I_jj I d qj^jS I - \ 

Cw e -» . 

. <Xi u U l^J _^juuUU O^liQflJ I d I CAJpO d Cl9 LuULoJ I J L> I ■ <^Ou> MjO 

£ . = = ^ S3 

dU 3 i^jfS I dJ_^j| .(FocusinQ) LoLou I^jl^Ij) dLLuuJI _9 juj d*jdo i^ > 9 ^juu^_ < >^juoJI -2 

. l9\LLo l JJJSZJ LoLoJ gjd^JI 

t2 ->$*j^dl Q/>j$ ti JD944JI QOj ^1*9 (B 

-^.£-<*.9^1 I jOuuJ^JI) t_GjiSLoJI ^ju 300 V Ojl-XiLo A£> ^j)jS y^J^O -1 

Lol^ <\a2>£j0 Loj ^jul^jlAj^J I ^jO d>l ^jOuuUU ^LlQjoJ I d>l .(^Jju^^jJI pJj ^StS 

S' LAjS . (JjJUL^JL&j^d I (JJO vSl Cajl^j ^LlQjoJI ^dO_^J ljul .dJLj 

I ^jO j^Oj l_9 ^L^aJI <\\Ojjj\^j CajJJI C>\jio3 ^J£LSZj -2 

. L-Q-iiSLaJI y^jjj I jl> Lb^AjuU ^LfijuUU O I 6 Jl5) LuUUxJ 

.oil droplet ^ ^IjjJI 

Ij^J ^juULO jJu^LO vJIa5) . 0_ < ^kLaJI ^y>juj| -3 

Oj.kxoD jOjMJI < 2/ j0 _>l I ^jjjLiiJ dLjJ Oj^^juoJI Cajl9_9-jJ I <X£- IjuJ JjOlCjuujI^ <\jj£LD Oj]£l9 ^^>^1 -4 
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c 



3f?WrPft2Ka-3l^rma 



3rffidB 



. cl <x3 LujuxI I g^kia) 1 _ J jJ> 

6_ > kxoJ I djj\ .ti lai^J Caa^JI cicLu jj ( _ J Ic JaiJI ojJaiiJI julC _5 

CS^laJI JaiJI K _ f O gJtijl] jJajl^Islo A£> 4£.jj*xj<) (3+b^ (TliloJ) Ixxll Ca^O M-JL9 J_jju 

.d iSLuuudl 6 jJaiiJJ (Oj^UI i>°jJI (^ 2 ) Caa9c)jJI icLuu jj ( _ r lc JasluoI liD-XiC^ 

■uo\> Jsx> ^ Lo^uLs* ^5 Ua>JLJ JjjAojs (t 2 ) S (ti) jSouu -6 
. J 9 V I 6jbx9 (15) 6 jjjac 7,6,5 ol^ki^J I JjS -7 

.^LuJI J^a^sJI ^jgS cD3 J>juu 3 o^la9 JS ojs*jh -3 

' <1. «■ 1 1 ■■ i\j | ■■ ■ 1 1 fl a ■ Q i ■ Lu> 

C-lOuuuJ I i^jjO )JS | 0 uuA 9 LuxJ I I ,^9 (Qs I^OuuAaJ^) cU^juJ jSL*£)\ jr^ I - 1 

2 - 

V cuLol&J I 0 J Lj^J I ^jlSZjoJ I Lo .(1^2|3 ■■■) 3 AC ( 11 ) vLjuP* (Qs/n)^ 

,J_ 9 A>JI J-ajuALO o__^o ,JS AaxaaasJ I l_£j -2 

JljlC Ja 2 x^ li_») oi ^>-^3 tuxc^aJI ^Iji_c\II tjx> X.XC jaS”! ojuac\ll a>! ^ JaO^o IojuC .3 

S' 1 3 L_oJ .0 — yJ^_^A$J\l| <XjL>juU JuJiaCJ Ux9^aJI aLIaSLoj (ll — 

11 

! <aJLLuu I 

— — O c . .& 

. Oj_P^J I 0 Jig) ISJLo ^_JjOlC L-QjlS” JL_>j I ^ I O Jl5) ,^9 O IJaiJ I ^j^juJUu L-QjlS" - 1 

S'lo 4ji^juij jjjSZj dJjL^Ou -2 

S' niXI jJ cl^juu viiju L> | _ySLu . ( V ) jjjSIjj Lo OjJ^lS V-9 Lqj | cLLi \S*jD L - 3 

S' I OAG) ^jO oLaSLo cU^juaJ I ^jl ^Luuuujl lLIaSLcXj LAjlS* -4 
S'oj_ > xJI oag) cuSojjoJI clki>\ll jOlo)! Lo -5 
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Electron Diffraction 



©KpMUd YNS 



. Oj.J>LoJ I ,oLuJ>\U 4 jl>^aJI <152jukdl l JjO I k_9_X gJI 

. C*a9 \jsS I Oj^JLJ \Sj jj I Louj I (^C) to 111 (_yju cL9 LuUUjJ I LuUj> 

._^jjjDuJ_^ 9_5 J Ic JLg> jJ_ 9 jO ( C*a5 \j£. 6j$L>3 O Ij_9_^jlSU j ^9 Juo ^ 3^0 ) ^jJua >— > 3 + 1 1 . 0 I 

X JLgittj 



:<v 5 UsJL p os^d-flJI <uo5} p^ji A, cgJoJI c>^o J^b bu^j 

p 

1^>a5 ^1 oIj^jJI cUUj ^ (De Broglie) 33 .* > 5 ^ -^3 .dL^l c^b (h) Gjl> 

AX>^j 3 ASLuio X£>$ ,^-XLuUU LouO .Lojj ioloJI ^lul^^ll <X>j?iX2 ASMjJI oifl) Cl! 1925 ,olc G^JJ^JujJI 

oli^jjiSUVI cdjiuJ (Davisson &. Germer) jjo_jjl>3 g 3 jjli +^I^ >— >jb?j ^Jbj oJ^ xb^ .ioLoJI l oLujc>yj 

• & m ., 

. (jjujS) £^19 J^juoj_9 oa 5> ^ ^Ic 

..... 3 ^ 

O I ^5>£ji^j ^ I C*a 9 l_^sJ I f^jjO <XSL»Sj <\Z>jx£Lx£> 1^9 I -XS2j O 1 CajluJU 1 ” 4 l _j^_ujJ I 




<bu I_9_juUlC olo>bo L OjjSLiZ) 




. 4_9\Ls2.J I 0 OuluJlJI cjj^lj ^juuuUUu^ oLi_9^^V^ ^0ul9 

2 d sin 0 = mk (Bragg's Law £ 1 * ( 2 ) 

^jOlLd^J I CLOoiiJ I K^JU UJJ 3 AC ( m )_9 ( 2 ” 4 ^^J^JUuJ I ) <XjJ jJ I ^C) lo JUjJ I {jJJ d3 LuULoJ I ( d ) Cajl> 

.(6 I (C^JI 3_£j^ > 3jujI j 3 djO Jl^juuuloJ I ol^lkLuOoJI ^jjULXJj ^IjC^juuuL) 

53 _a 

1 3 03_9^»^joJI 6_jjlS2j^J I O Ij^JLJ I ^kbuu ^JjO O" 0 CaajuUU 2 ”4 l _j^juuJI (jxu 

y^jH R A52j ^lc cUjuuuU I CLjuJ LuuJ I ^Ic (^./xloC C\j0ul9) (XxxS/Xo 0 4su3j}\ Oul9I_>sJI 

I^juLlC v^aju jju_9 6 jjSLt^xi I O I J^JLjJ I 0 Afi) ^JjuO ^jjO dJj 15) 3 1 AC I <^julS2J I O I Loj_9 I I 

^3j R 15 ) ^JijZXj <\Sll> ^J^juULi (d I^jlu olSLuUuJI) ^jjJI ^£) to ml I 0Jl5^ ^jO AjjjjUjuCxJ I Oj^ 






¥rf^_<S 



..blaJI (jy> o^JlXo A£.^jx>ja oloflJ (jy> 




2-4 JSLuJI 

COJ UU l>J C 

< 1 aa> c*a9Ij^JI ( _jS Jbdl _ 9 _oi LxS - ) ,d jjJXJD JlSZj (JyjO I 4 I 3jj 3 ^kl JUU ^lC <tij _>/> O IjjJI Cu 13! lol 

"c o3 o3 

d 2 = 1.23 [gjiAi JLS 2 . J I I ijj 3 gj) io ajJ_ 9 d 1 = 2.13 A LgJuu JiSZjJ I <Xjj 3 g^kbuj ^jlc o IjiJI £J>j 

9bLoJ <ojl>I 3 aa Jb> ^ 3lju m i_aju_>j J5” ^ ,jAiflJb> luls (A 

0^^311 8 I -^ JU ^ fi a^juujloJ I A£>JI 0I3 _^aC 1 <^9SLszJI ,^3 oli3_>A^J3H L^aaC I 1 3 1 

o Li 3 _ / iSJ 3 l| oio) <JI> JSJ <U>LxoJI iS 3 _w <S-> <b> 3 /> J 3 J 0 ul5 (V) 3 a) <b%AfiAoJI £/> JclaJO ^1 

:i9SlaJL 

V150 



A = 



Vv 



A 



(3) 



:2 - 4_9 1-4 <^l&juuj\IL ouuuuuJI 3^3 Li3 ^ 3£j^JI <AiiJb> _^io 9 lsu/xj d9^lc 3L>_»j ^j^uxj Lx5" 

tan 20 = R / L (4) 

. . .» 

O Jl5) J I L&5* 0_^jlS2.aZ 3 0 Lo JuC 3 ■ C/ L»3_>*£J V I *XuJ tuij 3 I <A9 LuULoJ I ( L) vIaa^* 

d9^l (L=13.5 cm) jLcl 3 <xsu LJI olsMsdl sin 20 = tan 20 = 20 oji cLj^dl 

■ d jJ I ^Jj LouJ I ^£) to iii ^jju <i9 LuULoJ I 3 V ^^jjuULjJ i -A^<3 ^ ->3f>J I _ < j^L9 L-Q-i£U ^jJJ djJ L jJ I 

Rs(1 65.375/d)/ VV (5) 

(V) 3 A o^j>^j (d) (Cm ojc>3^ (R.) Caa^* 

:ol^b>JI 



gj/Xi jiojol3 gjjjuuuJI 6jb3 ,ja>juijuJI ojb JjuO -1 

.cbu (V) gjjjuuJI A£> gijl _2 
S'dlb Jjl ) bLo ( _ f lc Lg-b^L <1 aaaaaj j^JbJ I <1 jujLaajJI iS_h v-Sj^aju 

S' iUjuuuJj^JLftJ I <UaJ i - I i_fljiZ3jjuO ,_yS Aaaa^XoJ I I l JaAj 1 3 lo 
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L> 



©KpffiSd YN5 



VrffidB 



. 3_£j^J I ^_^aJL> kSjj ^^jjuuuJ I -X^^* _/-OJlJjJ I „ 3 

?3^jlxII LftJb> j^igj a£> vjsl juC .C 
.3£a>JI iOjSu JM-> ^>0 viU3 _^juUl9 S'a^xII Ia5) Jx9 3^a> vi)Ls> uLS' Js> .d 

S' <lS”LouuuJ I 0Afl> 3^3>_9 viblSLoL .3^jpdl ^_^JLaJbJ dS^louuJ 3^3>3 i^L>ili .0 

!c\-ftl> J5^ jJ^xS uOjkZXi ^^LS _4 
. O IaI^* <XS2jO vS_,H ^O julJIj -X^^* ,_JS l# I 3 j I 

O C _& m 2- UJ C __ .. .. c Cue _» 

O I v-a^j lij Is ^j^jxj Lo ^3 3 1 lij Luu Ls v— t^_ 9 <^d>J I ji&s ^jjj Ls ^J^juu il I ^jjd <\j I \oo> iLi 

S: "c « O UJ 

. 3 “4 J^juuJ I jlib I . LaS I 3 L 3^jQlC jjjuiiiJbd I ^0 _^lo9 ^^juuaJ 



D in = l 
— = 1 
out 2 



d! 1 +dY 1 

L in in J 

D h - +D V + 1 
L out out J 



( 6 ) 

(7) 



idJUl ciSilsdL cuiJbdl vilouuj ItXujQjuo ^jlS 



5 = ±(d_...-D„ 



2 v out in 



(8) 



R = ^(D in +s) 



'.$£> O-XjjJ x3 JJ I <i&Jbdl jJoS eftjuiXi ul j LjiCl LuSLoj^ 

(9) 



:_9_a) Lka^kJ I3 




L-j^xxCj} La9l l _ r >jbkJI AfiJbJI _>ki9 ,jxjIx 9 : v 



L o^xxC^ La9l 1 _JL>IjJI ojiJbJI jkt9 ^1x9 :l 



3-4 J£xUI 

jkx9 1 _ ? JL>IjJI <ifiJbJI jki9 « l _j r ii9^JI Jjj'ljJI <ifiJbJI JaS Dq u1 $ Dq u4 .D^, .Djj, (OxxjJ 



^ gh s ef ,cd ,ab oliLuuJI) JI^JI ^^sdl ^jbkJI iaJbdl Joss ^9^11 ^>j\> Jl 

.(JMI 3-4 J5LCJI 
:,_JL L oS l _j r >jbkJI siabJI J &3 kujj£u 3 <) ,_jJb>ljJI iabJI jJo9 kmj^Lo li9 _>C b| 
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L> 



©KpffiSd YN5 



VrffidB 



,<X3ju CuSL ) jj ^jJI Lkl>jl i_ajuj£ 0 O I l_AXl -5 

(XjxxS ^9^1 S' }£j^ oLftJb> ^jjuju A^> AJLC ^ I 3iiJb> JjS\ ^Sjj 

J$x> ^3 J>juu 3 0.5 kv jIasaj oajLuJI o^kdJI ^3 l^JC>3 ^1 lSj^aoJI <uxaaJI i>o (V) 

•^1 _*!> o» ll£j Dout 3 Dju, , Dl , d[J, s (V) 

! ,Jlc . CLS2. Aj_^^oJ I ->££>JI AjlC ,JjuifiJb> ( _ / A> jjiSl ,5^ JjD 

,R 2 3 Ri 3 V ^ ^ jkuu -6 

.(V = 5 kV) iajLJI 4 o^kdJI acI -7 
.^S^IjaJI oLi^jiSJSl) (5_9 jj ^ J^3 V ,oa9 J_9a> ^ J>juu -8 

% 3 m .. e 

.V gjjjuujJI -X£>j) R2 _9 Rl CH^ <^Ll> <L9jj) jOuuujI -9 

(d 2 ) 3 (d 1 ) ^juuul>I Least Squares <ksuj\o ^IjckjuuuLjj ^iibLuuJI cukcUl d9M-sJI _io 

. d3^_jSZJx\ I fOJLfiJ L dbo Lu 19 . lku>J I jOcl9 £0 <\jj jJ I Jj LouJ I g()lQ juJ LuULoJ I 

£ J* £ .. e 

.V gj^juajJ I j^>3 A, ^jo JS* ^ju cukL> <L9^Lc ^jLiJI f ouuj_J I <L9jj) f /0uuU J^ -11 

^s\j (62)3 (0i) <-***!>! Least Squares <\suj\o ^IjckjuuuLj) iibLuuJI ^iLixll i9\LsJI \j& -\2 

. LLlxI I ( oul 9 ^jiJ I Jj LouJ I ^^y^kujj io^sLuji I 



:olLuji 

. OjjSZj& 0 Ou-uJuJ I C\j _9 lj _) LjiC I ^j^JXj 1 3 LoJ _^jull9 - 1 
. (oL_9_>i£JMJ <xjl> 5 joJI <ULukJ I Lx5)3LoulcI (5) _9 (3) ^jui9^LsJ I jjjuuul -2 

i 9 ^LjO I CU^jul) LoJ [5 d 2 S dl p+9 V_9Mjl3>I <AJ^juu LljuUuJ 0^0 LJI ^jJuiiLLJI ijl jLuid dLSLou JiD 

-3 

.dboL; J\b> ^>0 dJ j jjuoS ?(m) pjS 

.Ojj^uJI l-9a5) qjo (jSLoi lAjl^ dbuljj ,_jlc 5^3 -4 
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Fine Beam Tube 
e/m Measurement 



W\V /■■ \ V 



3PS3Hfi<r(BNB2rf^lt2 K9 



_jjLJH.uk? ligjQ JL>jO (_j9 Q_9J>jlOLO dJ__p%juO f flq.JUjl> <kujlj3 - .l_9^ — gJ I 

.6/m CUCJjlJI 4jl>juuJI IjuJL> - 



/ Lljuu_^.j_j i <L9 Lb _xJ_Qj0 i o Lj lb> >_>jJ_9 , gjoJ.^-* LoJLo i I ^9 jloj 3$>jo ^jsld I . o j. g <* I 

o I_>uj 0 I3 

.(jSjbj A JLgjQjj 









( __ r bsj F|V| ^jujUukLko 0_9aJ B v _jjuULjb LjlS2jO JI^jO ,_j9 V _jjuuuj (C|) L_^gS* <\jS>~uJ Cj\ 

:ojJ LJI <*9^lsdlj 



— ^ — • 

F m = q v x B 



( 1 ) 






O^ijJI jl-XiLo ol Ojpo (R.) 0 ji&S L-QjiZX) iJSjjL jLuULO jjuuUU 4jiZ^juuJI u c te B dj J^xC V UU b| 

■vs! (Fm) <ujuubLskoJI o_9aJ I jIjlsLo ^sj^Lj^v. (Fc) 4jj5jjoJI 



m v 



= q v B 



( 2 ) 



:(q = e) cujI^juu ,o 3 L>aSJVI <*JL> ^ (2) o^^LszJ I ^ 



(3) 



m B R 

.Q£Z jjuoJI 0Jl 5) I (V) Ag^J I <_ 9 _>9 ^jjO (v) jjuJI <l9 jSus 



— m v 2 = e V 

2 



2 V 



(4) 

:J -a<o (4)3 (3) l jAji9^Lsdl lj# 

m b 2 R 2 ^ 

O oj c _» c 

^ I ^_jjuuuJ^ LsLoJ I J LxoJ I I Cajl>_ 9 LsLoJ I J LxoJ I jJ^J _jjJ_C) g aIq) LoJLo /) JCkjuuu I 1 3 1 

S- — o . o 

!o9^LszJLi ^jkuii LxgjjS^ (Jjli l_9J I kbJI ,_JLc g_aj' oboJ ,_j9 l jjLaioJI 

8 Ho NI 



B 



( 6 ) 



5V5 r 

o S ^ o S -® OJ _a 

^jlaJLoJ I J5* ,^9 j LoJ I j LuJ I 6 Juuj / _9 JLoJ I o LqJJ I 3 ac — N 1 qsl J l sud^ — r vla^* 

:jSLkll Jk: 5 i9Msdl o\9 



e/m r#ferrp 2 l 0 



5rffi(R 



£ 



e _ 125 r 2 V 

m 32 ^ N 2 /2R 2 ( 7 ) 

• -O . 

<^CjJUJ O bo I 3 ^jOlC t yJuULxb LlS2jO J bo) O ^ I ^jj 0 ^jjuJj L_9_^juU Oj_puJ I 0 Jl5) ,^9 

jxySLu ) O 1 ciCjjuu _^julS 2 j . ^3 ^ ^ iS_,H ^ I J LuULoJ I _^bl9 LJOZXi v— ' ljJ)_^ji£J 1 

L_9£juuj) .(V) Ouuju^ (B) jjjSLu pJ Cj-°3 ‘I Cawjuu iJSl <(B) ^j-AUxb L l52joJ I JL^joJI Caauj^ (gjjjxJI A£> (V) 

OjJL^JI LuuU Ll9 4-^JUU 03^3 «— ( 7 <i-9^Ls2J I p I jbouuU U ) CUC^jJI CVjI^juuJI CLoo9 v-aJuUL^O 

■ ^jJjSLi UJ I ^juuOulaJU ^LuU^JI iO-uJ£jJxi\ 



iol^kL^JI 

J)H s^aaJI <w>b >3 dLjJ oji^LoJI oj^>\ll 

.» — c 

S' LuJU ^ I jJ^iu *-& A S' I 3 jLgj^XoJ I I 

.olaJUl 3 JlC (N) Ji^juuj) (r) ^haJI lJu£u ^jjjS S' ^ . q JLq ^Ic ^_ 9 jSLt 

.1-5 JSbuJI <J9 £UXi3>oJI OjIjJI J*0 1 

.dJjSLu^^j ^^0 ^.d^juuuoJ I 51 juujSJI jALu ^jl ^_jJ| ,Jju^> 3 j 0 I. 1 J 9 AJI 9 oLjLkiJI 

.^Is^ oasJ Lfl)x>^J (T) 6jb JjuO .2 

VJ juuu (90V Jl 3 >) A£> , 3+103 1-5 jSbiJI ^9 OjIjJI JLojJ JaSI 3 

A^LoJ I i 9 QjO O L 3 _>jAJ ^ I 



A = Anode 
C =Cathode 
T = 
N = 
H = 




. O C JL 

(lilljj O^j 0> I bj djj\]£u ,jy> jjS\ ^oljbouuul u&jzj, ) 4+jlblJL Ll&aJ I ^ .. a JL o 

,(2R)o jJIjJI jia9 ^jjjS . IoIaj CSjJb jLuuu) ^5 obj^jjAJVI <bo>> cLxil ySjl 3 > Agodl 

.(2AR ^Luo ,sjJl3 A(2R) lki>JI J>jujl) ol 



.4 



. clqjLujJ! o^btodl j_A 3 bib / cUbl gA (V) j+c 



.5 
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e/m r#ferrp2l0 



5rffi(R 



£ 



.(1 p$j) J 3 J ct 1 ^ 1 >juj 3 JsVl ^Ic olcl^ ouu< a> 

fijS ,_4c 1 _ r i> oUjuu^jjJI ju^uJ oasJ a@>JI jJ^ 3 4j_>lkuJI Jjza9l :<Ua>^lo 

. euJ LJ I o^kddl ^9 jLuJJ ojxcx^j 

j.V>9 I ,_J^juj jLoJI / jLJI (180V) ^lc a&jizaoJI a^> Cajj 0 

.(2 ,ft9j) J3JC> ^ ykuj3 JsVl Jk: olcl> Ouuj jc> .^jUI oLi3_>^-l^ I jLuulo 

.o^kckJI oifl) ,^0 dlJl^iil j$9 Ag>JI aJc ^3 AjjUoJI Jj^a9l 

V 3 R u* < Qa> <*9^ QU jOuuujI^ 7 o^kdJI ^9 cuic cJLo> csjJI 1 p9j J^a^sJI ,oa>AuuI 7 

— .» 

L. S. ) l5)U UJ^j ^1 Lb>JI cujujLi^ e/m ,^>1 .(dJjJ (Least Squares) ,oa>auuI) 

.(.M 

/3 <Lki> cisMa: LL ,ouuujl 3 7 o^ki>JI ^ <ui c oJLzi> ^jJI 2 ,aSj J^axII jOAXAjI 8 

.(dlljJ (Least Squares) ,oa>auuI) 

.(.L. S. M) la)U LulLlszj Lkuxll cujuoj^ e/m v_juun>l 

. ( ©/ill ) <AouuUuJ _9 l^ gL i hi C)'ir> JC >3 (J/JuiftJ LjuJ I <~J ‘ ‘3 ^ ^ ^ ij^jiAiiu U+J. U J l9 . 9 

: <Uuuui 

— ^ -O 1 

■ B JL: <\j 3^j0lC o L i _9 1 ciCjjuj oj IS* o a^j ^js aJ I Lo 

?ULuJ aSLijuuJI A£> 1 3 Lex J .2 

e .» 

^Jjl O U_9 _jji£J I dj Oj^> Uj^o I ^ LoJ . 3 

.l^Lo joI_ 9 JS* iiulb33 1-5 JSuiJI ^ <WxJI oj^>\IL <LoJls J^a^> ^ gjz> .4 

. — .» 

l. 9 l_9 jJ^juuu vi-Lu | I V AA> l_9 laJLou JjJc^oJiD ^jLLo J I Auuuu I ^jSuxj . 5 
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Diffraction Grating 



YNBftrpmJ 



<*$x> <&jul) J\b> jo.c c^jJoJI <uulj:> - gl l 

(Dispersion power) c.v»JI q$s j>bd - 
(Resolving Power) oSL^UI JJbo q$s ->bd - 
I laJo ^Ijc^lujIj (Rydberg Constent) Oj Ij i— < IjujO - 

.OjjJI OS LklJ I O IjQjj-UjO juaSo olui 

diiijjD gjo ,_JJbo cLoJLo njl.9-1^1 6 3 .xgjuo 3 I o-i+^.9 ^3^ j^L^lo oISLijuJ ■ o I 

-X JL^OU 



I gjuOJoJ 3jiij Lil3 I I {jA QojZ> ^yJ^LRj J JuZXO ^^jli I 4^jjuU CaS2jl^ 3 bj 

J Jl» 3 (oc Lz3juulj^ I OJuuJ (3 I LxS" <XjxiSLO jJ^IoLlO 1 Q j djuu 2X0 ^3 [o LlO djuj LuuJ I 

c J = . I-U -O 

vyl-Xi^MI ^9l_c^° (fririQG) La5) ojIsJI ^^jOuuuu c ^juu^loJI cLflJ^LuoJ I ^aju^j m 

:clJ LJI ds^JL ( 0 ) 

d sin 0 = m A, (1) 




. ^X9 LujJ I QS>£j&i I 3 ^ A, 3 ^ 3 +^d I C/^ I 3 ^ d 

?(^lio ^jAu^l c^jkxll^ J^k) QX> J&\ ( _ J Ic i53i>j. csl) LS”j-o Ja9luJI c^jzxll CjI^ bj bio 

vSjJ 1^3 ?(bloJ) <lakxo Jl^kl ob .k^kddl qjo <x£$jy^jo v a 5) jfc" <»Jbdl ola) 

( 3 -jo Ijc> I ^ 3jl C^ 0 i -0 ^ _>l I i_ J^) I ob l/o^ 1/^ 1 1 ^jo olc^^^ 0 



rWrrn 



6 rffi® 



«F 



I <X&jujJ ^JjOlS2j ‘2” 6 ^J^juuJI L oS (S'l^LoJ jO_9^ 3_^jkZsJ I I^juQS? j 

■ Cj)A/3]| Jb^o 









OCLqLuJ^II OJuulI 



3_£jC> c^SojuU ^0 1 JC^juuU Li 3 ^jC> L-Q-lLo i2"6 L j5ouuJI 



O^LjJI iSl) v- /A^JI Ijl5) ^^JjuGj A0 _9 HH i_.juu.jjJ I *J$3 C^oZLoJ I i_jJigJI ^9^0 4 _JjuOu 0 Oj^ljJI Oub l3j 

^jlsJI u[ 9 (cuL ^5>jJI |4 XjlS2joJ I v_> A^J I J^J-Q ^^jJj C^_^jj^LoJI v_jA^JI j$ jJS ^jjO Jlfiju^ll JuLC 4j^[jJI j*9 

:d9\lsdL jDuiSLo v^»a 5> Jl * 539 * «JSAJ l _9 ijjjj)buz> ^^tijjuj ijjo d-o3 LoJI AO gJ^joMI [Jjj J3 bJ I 

. . 2rc 

a® = -j^- (2) 

.(! JJi Jlc) iSLuiJI ^ JjjjjjjLuJ I a ac N c*a> 

iisMjdlj ^IasaS AL jLuuloJI jA^jJI Lb 



AL = d sin(0 + A0) - d sin (0) (3) 

ijLuuuoJI ,__jp9 ^ j-oJIj) j^LaII j_9_a-®J I O" -^!_h <uJLJI <L9 ^LsJI ^Ia^ujujLj 

AO AL 



2it X 



(4) 



:Jc J^ixi 



dcos0sinA0 = — (5) 



^_yjJ I djAj/Xo Jl >_/lAfl)^l| ,_j 23_^S2J ,_jJc LuL 9 ( S' I A LoJ ) Sin A0 ~ A0 (.jijjJijJI LLaszAjuj I Ia^9 

(0) Cb^lj Jc gi; 

Jt 



A0 = 



( 6 ) 



Ndcos0 

.(53 Luo (0 — 0°) kSj^j ^oJ I *— »A^JI ol <LS^LszJI OAiD (J/juj 

X 



A0n = 



ND 



(7) 
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YN^ftrpi||l 



6 rffi® 



«F 



.(Dispersion Power of the grating) c^juJl O-UJUULl . I 



(1) a_9NJLszJI cjjos (Dispersion Power of the grating) aSLiJI 



D — CUaSJI ^jjOuuUU 

0A ■■ 



D = 



00 

aX 



m 

dcosG 



:<uaSJI o la) ( _ f lc ijSuz u 



( 8 ) 



: (Resolving Power) JJbo 6^9 ( v 

LoLgjua>_9 j ° ^9^) 0^9*^ jL@ 1 a! iStiJuaJI OjAOjO ( _ f lc Jaj aac ^a) olajuaJI Jlbo 699 

oLjlaio 12 9 11 ^9-^ La^J a>LJ (kSd\$ l J^juju C/^ Cjt- JL^ft^ 0 (oLjlftj^o 

I A | . 3 ” 6 JSluJ I ^3 QS& Lai LtxgJ J> I Aj AiD vj 9 ^ J I I ■ ftljJaJ I Cj (a-jOJ I AA> 

' ■ j LaiDjjuAj AjAxC ^jSuXiS : ■ : . AA> tSl d^ ^>11 -A^J I j-0 l9LuUUoJI OjI 

:19 ^LsJL (Resolving power) 1S11JI JJLx- 095 J^xsl. 



R = —— = D N d cos 0 

AA 



( 9 ) 



E .. UJC # -ft 

Jl^kriJI ,^9 ^_9 _^-qJ I AA, _9 \ ^jjo ^Luj_^ 9 La^l jLcL A, 2 S ^1 ^ ^lc A, J-xj 

-ft O BB C — - O OJ 

.(8) a9^LszJ I (9 -0 ftaj9 joIaaIuuuL^ . LaJD^jjuuoj ^jSuxj 



R = 



AA 



= m N 



( 10 ) 




: (Balmer series) jx JL '<*. jLuuJLuj (^ 
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YN^ftrpi||l 



6 rffi® 



O-X^J <A>£/>JI Jl^kAJI l _ s bsH 3 6 _p ^ ^jjoJI t-aJoJI b^b> <Ujuu1uuJI oiJD J5 LiJul. 

.b^kAJI 



1 

X 



_2 

n y 



( 11 ) 



^aSJI ^asJI ^ a > s ) <UjuulLuul1I uu b 3 ac f t ( Rydberg Con stent) g^juAjj ojU ^jouuuu oub R 

.(n jl JuoJ I 1 *XjJ I ^JjijuLi d> jJ I j I AjOlU I 



^9 qjd jlia^jJ Jl ^Lzxo Loa^juuulo (S pectro m ete r) c_9 LkxoJ I 

^jSjS'jjoJI Jo>JI io^Asdl Oj^iJI dUi^ ajdjjuoJI diiLiLoJ I jiL^zdl 

. C^jdLoJ I 

jO^LfiJI C_9-dxJI JuO L 2 .L 0 ^_J^juUU [^S?juO_9 Lo N ) 0_^9^juO A_£a> 1 _Jjdl9l JjOlSjuuJ I _ 'j 

ia^JJ Ajjuuj L ^_^JULJuJ l_9 jJUod I I fJjjO m — 1 l r JULI'jjJ I <J5 3 v_^ A^J I £9j^O .j JuZLoJ I QjO 

^jjL> dSbjdJI gjd>3 JaC (1°) oa>[ 9 <b>jA <j-o jj 51 jlAiLcxj uLJiAd uLs^9>oJI Ia| :ald>\Lo 

■ O^JI Lu_^Qj Lj)LukJULO I vyAgJI ^9^0 ^-uZAj 

Chy ^ <isLuuLoJI Luul^J *_J_9^I v_<»a^JI J^luj^xo p AAd-uj I _2 

.dSLijuuJI KmJ fS 

^J^julu d^bzxojjo jjjl { jn aS"L»j) nn — 2 d>A ^ a^J I vla^jI _3 

^J^jLkdJI ^9l>0 JUJ .jAaZAoJI ^ C^jdJI jjjOJ ^Jl cL>ALqJ I jSLxO ^JikdJ I JJbo <JjuuUL*J 

IfrlC CaJL^I> ^jJI d CL0 jl9 LoA^JuuULO cLl>3joJI Jl^bMI v. r juuLJL^ > l_9 sS_>^a j °J I I ( Cs° 

. ULxC aJ^fiLoJ I (DuloJ L 4^juuJ I Ojl5 .2 o^J^AJI ^ 

I Ju£ ^ _^9\l (AX,) «_AJUJL>I3 IX d^-uuijJ I ^JjJ^- 1 (.juaJL^I _4 

.(6) ai^lsJI ,>o Ja>JU La-. 1 vuu^l .(^.jAAyi l _A>3-oJ I 

!jlc JJLxoJI ^ ol jj LoA 1AJJ ^AAAU I j_a > aJI ,JjO jol _>«^l Ia5) J5) -5 

(XaIa^joJ I -La_C) io^d I ^I^jO ^J^juJ^ ^IuZLo v JjOlS2juuJ I .^O^j A^j^JI g^LuZXo ^.fl lo I _0 

A^jlA> <^jjuU C/_>aA> I Jl9 CajlS” I A | m = 2 vuu^J I .LaJ) io> ^]^52 j J bdb I dLiC IIOjuuU L . VT\ = 1 

TJo^laxll oaS) LuuuLo Lo . dxjuJ Lo 

. LJLxC d QjiiLoJ I f OuLid L LgJ ) 19 9 jJ I LAjlLJ CUA> QjoJ I J 1 0 ^)\) I <^juuUL> I -~J 
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rWrrn 



6 rffida 



«F 



. ( Ji&J I ( _ J lc oJMj) uLkdl gSl^/j Jjkjuu$ ^jL^^jjugJI ^Lao JasoujI _8 

.(11) isMjJI ^9 6^1 l^J (n) <uaSJI jIac^II >x> ..b^kdJJ <L>3 aJI JI^All «_/juu>I 

. ^Joi.nljO jx S LioS l/n23 Li 'Ja S ZjjoS 1/A. 4S^LszJ I jAjuJjI -9 

.AR IkdJI dJ-iS^ ojjjluJI o^kixll ^ R £jjuJuj Ou b ^>uuUL> I -10 

^Ji R <XjX>9 ^IjCkjuuulij) (8) O^Jadl I_g9 jAALaUaJI JosJI QJ3 f ,_pA5j I 3 JlsJI <*Aa9 <_*JUUL>I -11 

JA (Least Squares) <x*jJo ,oa>luuI .f Lai ^uuuol (9) q^kdJI ^9 l^lc cJLa> 

.ajLiLuJI oLLu^JI 

: aiLuii 

.3 a3dsd I ( _ J lc Jj^axi <_sjA ^^laS .1 

.10 isdall ^jjuj I .2 

.11 49dsJI ( _ J lc (Bohr) jOJl?ouuuI .3 

,dLL>| jjuoS V(ll i9dsJI (jsl) jjoJL. cdLaLuj iSMjzJI gjju .4 

cLjjJI oVLoidl ,_Ji2 S' c*AI jj j)\ l jjujL; <UjujJLjj 4j5j (-sLkx glauum ^ bLoJ 5 

olo> ^5 olji fS cdL^bdl 0 Jul> 5JI djjjJI _,>joJL ^JL^jJjuuJ <xszj U I 

.jjjjS S' dj j^ui I 

.^z5_9 S'^^L^luoI l_9 LJ^ I fi\ vi»Lsiijl l_9 LlLd I 0j_p^jJI oa5) ^^9 _y£>\jsz]\ t_9Lk>l JiD .6 
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Hall Effect 



SffegSafe 



4jl>juuJI iSliS^ R - h J_9-j ® jJjoLsJjO Luul>J <Xo | l_3 J_9-J 5) jj'l oLu! — §JI 

. Ci.X57.jaJ <XjuaJ^J>J I 

io LnJb> iu i <i 5 Lb jJ^jo L_^gS" ^jjajb Lisjo iO^joJj <x>xfijuO ■ ^ 

,>uol3 (Tesla meter) >loMjuju 

.(jS_>bj x jl^joli 






3Li_9_jji£J^I I) jbJI 0^9 Li Oj9 B ^juuuj^ IlS2jO Jb^o d££ji0£jO (XjuASLO <\I>jSu£> Ix fljJuuLl j L jx> b| 






. (1 ~~1 ^J^juuJ I _jlcbl) FfJ[ <XujsAo LlSLjO 0_9_qJ ^jZX^j (^j-XSZjoJI cU ^_^9 



Fm = q v x B (!) 




= —7 .» 

L.>£JXC F|V| obol 0^9 I uu IS" bl) . OjlC jjuJ ^Ic V _9 J 9 LJI ^Ic CJ Jaj vL*jl> 



“7 ~7 _* 5 t ss t ~7 _* £ -» 

£ F|vf 3 B 3 v o l«<ouoJ I I L £u I jJ I I3 B 3 v o L^j I 

.((right-handed system) llUaj jLiJ £ I 

^jju L^j^S" J Lxo jJ^ju^ 1 - 7 ^J^juuJ I t— ^9 ^JLqjuuJ I I viJ L ^j I9 dJ Lj _j LJ I 0SI9 L caj IS* bj 

— ^ .. 3 .» 

F 0 4 ju L^T 0 _ 9 -qJ oM -9 LJ I ^j£Ckj LJ L _9 ‘ x_Jf) ^ vJ ^jOuuUU £ ^JajuuJ I cU^jjLxZxJ |$ I I 



( 2 ) 



q v x | = | el: 



-> 3 



O+J ( J_ 9 "^ I 3^ V H O ^ I i J 3 < 1 ” 7 J^jujJ I <_y^ Ia 5^ O I Jw> I sz juo V 3 B 0 I ^JOjsu 

:o [5 d 3 a) <b%jia*dl ^jO j£. ol? l-ib y 3 x (j+iktaJI 

V H = v B d ( 3 ) 

^3 lx jbjJI j3j^ a^juu oMsLJI q&jjjj OjjjuJ ,^jJl3) ^ ^c_^jujJI 4aji9 &3jslq ^j3jxj 

.Igjla) JJ (J^jjuu ^_yjJ l_9 ^jJLJI <iS^LszJI {jjs ( I 



Error! Objects cannot be created from 
editing field codes. 

.<UA<cdl Ai>juJI O^lSli CL9 US' n 3 <X>jJu£l Jl olouuU t JloO Cajl> 



( 4 ) 



. I J L>J 43 3 J 3 ISjoJ I <JjO 



V “ = ner^ B 



( 5 ) 



,R\-\ JjOji\j oj Jjo jj 3 J^_a) J/>Ls 2X> jljljLoJI ( __ r AjuUU 

ne 



*H = 



1 



ne 



V H =/?H X 



I„B 



t 



( 6 ) 

:euJ Ldl <xzjj£>]\ 1 _ r lc (5) oLlaaJI vajlSL.3 



( 7 ) 



.O_9j0_jJI j,jJL52joJ |— | ^jJlSjluJ L oS 1x 3 ^ C/^ 0 &° V H vJ.3-^ l9^juJ Cb > >jJ| O-XJD 



cdLaC 4s*->j$o Jj)L> - ^ c Lj^SJI ^^bLs^oJI <uz>L>3 dLjJ Oji^ioJI oj^>\ll ^yx>jij .1 

. ^juuO ^L juUuJ I di.J jS -ClJLu^^ 

:^jLj^SJI i^juuJ^ LlsjoJ I ojjLslo ■ v 

Jjjuuj^ LijoJ I OjjLlou ^^juOiLoJI Lo 

. LjlS2-4xJ I jLoJI jluJI Ib jjuuO^H p JC^juuU I - A^>JI jJ()jOlj LlSjoJ I ^yfk^-9 -1 

. ( 1 A j LulJ I I Jl 5) 6 JuuJ j3 1 >ju M Cll <_x^’.) 

^9 ,jjy Jobdl e9jlo ^ o^^aJI (cl>a>JI o^kbujuJI) Hall Probe J^a> jjluJJD ^jiZ5 _2 

I tloJ .^bj^SJI ,^jjuuk> La/d I 
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-3 



cLLJ^LSj B ^JuUuJ^ L lSZjoJ I JLxoJI O JujJ cLouS (1 p3j) fS I ^J^juJ 

. ^jxxAo LsjCxJ I ^3 jLoJI (Ib) jLudJ jjjjSZ J viU3_9 jOjjluLjO jojuP^juaJ I Lfl)L| 

jLoJI ^JLj^SJI jLuJI_9 (B) ^jjjjio IlsloJ I JL^joJI ^jxj <xj\oo> 3 L.S.M. ^a^ouujI _4 

. [B = aI B +b] (Ib) ^Lj^SJI ^jlJ^LsjoJI 

vJ Lxo I ^jSuXj S' <XSU LuuJ I <i} 3 LSjoJ I b CaJ LJ I 3_9-<*_9 j-uJSU iJj I ^LUSv/Xj 

■&°S S'<xJM^* jLu j3j^ jO-XC I LlSjoJ I ^juJjJ^ Lslo 

^jxJj\o LlSjoJ I goUl ^juULjJ^ LlSLoJ I JL^joJI 3 l<o\J <\SU LuuJ I ClSMjzJI p I JJ^jjuJ I f £)ju L_9 ^juU _0 

. 0 JUI 3 « ^ IaJ I yj* 

(JixaJI ^LoLol 0333>3 joJI <kBj$\\ >bl ): C>-J^O>JI <UjlC OjjlsiD .£ 

aS'Lu ul J\ 03-^ iijLkJI djj [3 2-7 ^ o^^xJI ojIjJI Jj^ _i 

■ dLMju^^j cL>jiZ3 ^jjO u9_ < hu^joJI 




^LiUI 6jl3 — J^a) jj I :2-7 JijuJI 

^ jLoJI jUI Ojl^j Re ( I I JulC I jaxdqj IqIszJ I ^ju£> _2 

<51 ^ ^3 I x J iAjJjJI qxS> 1 _ J Ic lasb> .Ib = 0 clajj gjo I x = 4A c^j+JI c^suo 

■J!$>^l yjja JL> 

53 c _» 

J Lxo 3_9-<*_9 AC |4XCj I ^ I I <XS2 jC_9 O 1 ^ ASLuj I _jxxD£j L&JLsid I I \oO> Mj 

S'liloJ . 0_9 I \d JLuUUO ^jjujulo IjlS2jO 

QjXiSU pSj^jj cl^^juuJI ^jylfi/JI) .^yljULi^l ( ,J ^jiu^oJI ACl cI^^juljJI ^juLfijoJI P I JO<ajjJ L _3 

,(ji^> CS_pa> JjOlC JjOlSzJ^ t 'A s JL; iJ^j^^oJI o__^ji2juJI 

o^kdJI ^ jLulU oc<£<>d pjB Jj^o 1 _ r i> oLju^jjJI Juj+J oAaJ^ Ajj IkxJI Jjzx9 1 : aJa>^Lo 

.cuJUl 

J-oLfijO tJJuLS 
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Ojjuj^jo L- 9 lj^ol ,3 A z>) jSxo^j LaisJ I oc I jS Ja^juj ^$1 C _9 A ^jju J^__a) A£> 

<xjjj\) .V 3 Ib p +9 (2 jxx^j) J_9 aj> ^ J-Luu .(Ib <jsI) B J iAkxo ,ou 9 >uulsJ .(jjLzaJI 

. (^jul 9 3 l^oJ I jjj lO_ 9-» LftlsiJ I <Lo_9 ^3 LmO* J 3 u*J^ jO JCkj u uULoJ I _^juu0^j IqIszJ I ^jjJ LlQjoJ 

<U9LSLo jOul9 ^_jJ| (d) _^juuO_ 9 ^P LaJLs^J I olslj-^il ^Jj^^jJ <XxO^ lftjO_9 _^juu0^j LfiJLsJ I CLuuJ LuUL> p JJ^jojJ I 

■ (Vh) a£> 

m uj c uj = Jl c Jl C3 

. oaJLJ I ogia^J! (I^Lj ijsO Ms .(Ib = 1A \lLo) ^jS^jxj Lo^^^Sl ojlx. Ib_>^ -2 

lx ,oui9 (3 |^9j) ,_yS Jjkjuu .lx J |Oa9 _>jujlszJ C 3 A ^jjLjikxaJI l jju J^_o) -l^> -3 

■Vh 3 

■ S a 

.o^loxll OJlo) ^jX> vililgjkil j $9 LftJLaJ [5 iijUdJI 

.(villjJ Least squares jOA^juuul) .Ib_ 9 B i9y.s2.JI LuLu pjjjjl $ 1 p^j J_9-^3I jOAAkjuuul _4 

J buxJ I 6 JluJ <^j£Xa 9 QSjSLD AiLou I I j Lj^SJ I ^jULlL? IaSLoJ I o_/j a 9 I A^j 

. . .. «*t 

. iJ LJ I o \$bx>} I ^_^9 jJjj LuuJ I Ojj Is2joJ I ^jl^jlO p AJ>juuUU V- 9 ^juJ . Ib J LuiJJ cux jl 9 ii ^ ^juUUlIp LsLoJ I 

J 9 ^l QSU'j^O p I AAkjuuJ L_9 .V|-| _9 B ^ju i 9 y-sJI LiLu pjjJj \ _9 2 P^J ^AAkjuuul _0 

.R h x>s\ (Least Squares) 

I O 1-S2j_^joJ I <\SUj]o p I AA^JuuU L_9 ■ V H _9 lx Cj-H ^Ls^J I Li Lu pjjJj l_9 3 P^J Js -^^J I P AAkiuuJ I _ 0 

.Rh *>s\ (Least Squares) 

■ Rtf Lx^kXjuU^jbO AA>_9 ChL®^LuJI ^juJ) ]q>] I ^jl^juu ^ju -J 

. O^OjJU y_jj) q) JjoLs^joJ i 9 _ 9 _jJ 2 joJ I <AjOulqJ l_9 ^|-J “8 

. .. __ . 3 c 

.i 9 ^^s 2 joJI c\jOulaJL 1 ^jjL 9_9 R\-\ 3 i 9 A IjjoJ I O^jO^JoJU c\juOl^aU I oU 9 UI i 9 LS^ n i^juuul^I -9 

! ollxul 

S' A^>J L »3 LulLO E _9 A ^julLlOjJ I ^jju A^J>J I ^ _>9 J LlC I - 1 

. J^LuZaJ L C I A_ 9 juJlJ I ^ju LqjoJ I ^JjOlSZj I A Lo I S' I AjulC 6 _^ Ls 2 jO ^jO I Lo -2 

S'iJLuj OjuulJ_9 ^Va3>^jO <AJL3>ljuulJ I oysli ^o-uj Lo ^_^9 jjlSju iS^JI Lo -3 

e c „ 

S' AjuO AJ^juuU I ( 5 jJI jjuuOyjuuJI ^JjOlC IAjjO jxxjJSL) OjOuOj I A9j) icJjL^.jOu -4 

oa^jo IaJ ajJlao dLlSLoL ojifl) L^jic (n) ^^oul9 _0 

. S' yj Lc 1 cujuj ^ i y^^o i 
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